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Rolling s tab i l t ty   der iva t ives   me  presentea   for  a complete model 

e 
having e lov-aspect-ratio wwg and t a i l  surfaces for a Mach nunber  range 
of 0.70 t o  0.94 and for  mgle-of  -attack  rmge from 0' t o  13' fo r   t he  
lower Mach numbers. Tne m o d e l  had a wing of espect r a t i o  2.52, a %=per 

w a s  E modified  biconvex  section of 3.4-percert-chord  thickness  hming 
2;n ' e l l i p t i c a l  Eose p r o ~ i l e .  

1 r a t i o  of 0.385, md 19.1' sweep of the  querter chord. The wing a b f o i l  

The model tes t   resul ts   iadicated  regions of neutral  or unstable 
dmping in  roll at  Mach numbers of 0.85 and 0.90 i n  t:ne higher  angle-of- 
etteck  renge for the  basic model. M d i t i o n  of bTng-tip tanks approxi- 
mately  doubled the rtnnping in roll a t  low zsgles of a t tack  and, although 
1 z g e  decreeses in dazuging occurred i n  going to high  angles of ettack, 
positive  daxping - a s  indicated  over  the  range of t es t   condi t ions   for   the  
c m p l e t e   m d e l  w 5 t h  tanka. A t  Oo angle of a t t a c k ,   d d i t i o n  of wing-tip 
tmks increased  the  aileron  effectiver-ess of the  basic d e l ;  however, 
the  rol l ing  angular   veloci ty  which could be obtained wLth a given  aileron 
deflection x'ss decreased  ebout 30 percent by addition of the whg tanks. 
Deflection of leadirg-edge flags, i n  generzl ,   qpeared t o  increase the 
angle of at-ieck a t  which lazge losses in damping in r o l l  occurred. 

In addition t o  the  aforementioned d a z i n g  resul ts ,   the   other   rol l ing 
deriva-liveo (yawing noment am3 lateral force due t o  ro l l ing)  were obtabed.  
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A s e r i e s  of tests vere =de i n  the   kngley  high-speed 7- by 10-foot 
tznnel t o  determine  the  rolling stEbility derivEtives of 8 com-glete  model 
having a low-aspect-ratio wing md t a i l .  The m d e l  ha6 e. wing of aspect 
r a t i o  2.52, E t a p e r   r a t i o  of 0.383, and zero sweep of the  72-percent- 
chord lice (19.1O sh-eepback of the quarter-c'rord l ine) .  The wing e i r f o i l  
vas a nodified biconvex section of 3.4-percent-chord  thickness  having an 
e l l i p t i c a l  nose prof i le .  

Results are presented  for  %he  basic  configuration  over a Yach  num- 
ber range from 0.70 t o  0.94 m d  f o r  a mximum angle-of-attack range of 
approxirately 0' t o  l 3 O .  A number of breakdown tes t s   xere  made t o   d e t e r -  
mine the  contribution of the t a i l  surfaces to   the   ro l l ing   Cer iva t ives  or" 
the  model wi%h an&  without the wing. Tests  also were  =de to obtain  the 
e f f ec t s  cf  wing-tip tar,ks w i t h  eFlerons ude f   l ec t ed  and deflected. A few 
t e s t s  were made witn  92.5-percent-span  leading-edge  Zlzps  deflected. 

Analysis and discassion of the  test resu l t s  have  been mde  br ief  in 
order t o  expeeite  publication of these  deta. 

COEFFICIEPCS AND SYMBOLS 

The r e su l t s  of this investigation  are  presentee as stansard NACA 
coeff ic ients  of forces and noments r e f e r r e d   t o   t h e   s t a b i l i t y  system of 
axes shown i n  f igure 1. Moment coefficienT;s are giver?  with  respect t o  
the  center-of-gravity  location s h m   i n  f igure 2 (25-percent mean aero- 
dynamic chord on the   i u sehge   cec t e r   l i ne ) .  

Cl rolling-sonent  coefficier?t, 
Rolling moment 

q= 

Cri. 

CY 

yawing-moment coefficient , 

la teral-force  coeff ic ient  , 

Yzwing  moment 

k t e r a l   f o r c e  
ss 

9 Q"mic  pressure, 3 V  , lb/sq f t  1 2  

P air density,  slugs/cu ft 

v free-stream  velocity,  fi/sec 

. 



M 

S 

b 

G-l 

a 

a% cnp = - 
. a- P-0 

2v 

W 
r; 

WT . 

3 

free-stream Mach nmber 

wing are&, sq 13 

wing spm, f t  

nominal uncorrected  geomtric  angle of ztteclr of fuselage 
center   l ine,  deg 

corrected  angle of a t tack of fuselage  center  line,  deg 

t o t e l  (o r  cmbined)  deflection of l e f t  and right  ai lerons,  
de@; 

leading-edge T l ~ p  deflection, &e& 

rolling  angular  velocity,  ra&iens/sec 

w i n g - t  ip  helix  angle,  radians 

aileron  effectivefiess  per  degree  total  aileron  dezlection 

roll ing  effectiveness of e i lerons per degree totd zi leron 
deflect  ion 

COIWIC-URATION DESIGWION 

wing 

wing with t i p  tarks 
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fusehge  

v e r t i c e l   t a i l  

horizontal t a i l  

MODEL AND APPARATUS 

A sketch  of  the model with pertinent geometric  c;?aracteristics i s  
given in   f i gu re  2, and photogapns of t he  model momted on the  forced- 
r o l l   s t i n g  at Oo and IOo zngle of e t tack ere given in   f igure  3 .  me 
nodel Tas constructed of s t ee l .  

The  wing which had loo of negative  dihedrel and t h e  t a i l  surfaces 
could be removed from the  fuselage  for break-Zown t e s t s .  For these   t es t s ,  
tke  comporerxt pa r t s  were replaced by snoot3  fairing  blocks which continued 
the  fuseiage  contour. The air i n l e t s  were faired over as shown i n   f i g -  
ures 2 and 3 an& therefcre  there was no air f low tnrough the  model for  
the   ro l l ing  tests.  

The model was t es ted   in   s teedy  roll on the  forced-roll  sting  support 
shorn schematically  in  figure 4. For these tests the rcodel was mounted 
on a 6-component internal  strain-gage  Salance End w a s  rotated about the . 
X-axis of t he  s t a b i l i t y  Exes. Electr ical   s ignals  from the  strain-gege 
balance were transndtted -Lo the  da-la-recording equipment by means of wire ' 

leads, s l ip   r ings ,  acd  brmnes.  (See  fig. 4 . )  The model mgle  of a t tack  
was changed  by use  of  various  offset   st ing  ahpters  (f igs.  3 and 4) which 
were designed t o  allow  the model t o   r o t a t e  about the  moment reference 
center at each angle of attack.  Further  details  of the  forced-roll  
t e s t ing  tecimique  can be fomd  fn  reference 1. 

I 

TESTS A i i  CORRECCICNS 

Test  Conditions 

Tests were  =de in   the  Iangley high-speed 7- by 10-foot  tunnel  over 
a Mach number range from 0.70 t o  0.34 anti throvrgh e. maximum angle-of- 
a t tack range from Oo t o  approximately 130. The varietions wi th  Mach n u -  ' 

ber of m a x i m  wing-tip  helix  angle pb/2V and mean t e s t  Reynolds nmber 
based on the  wing meen aerodynaniic chord are  presented i n  figure 5 .  
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Correct  ions 

Blockage corrections wnich were determined by use of the  nethod of 
reference 2 were applied t m  the  Mach nmber and &ym.tnic pressure  based 
on usuzl nonrolling model cooditions. Jet-bourdary'corrections applied 
to   the   acg le  of a t tack were obtained Troz reference 3 and  corrections 
for   def lect ion of the  model and support  system  under aerodynamic load 
a l so  were Epplied to   t he   ang le  of a t tack.  

The supgort system deflected under Load and tb-ese deflections, com- 
bined with any i n i t i a l  displacement of the mass center of gravity of the  
model from the  roll axis, LEtzoduce3 centrifugal Torces and  moments when 
the  nodel w a s  rozated.  Corrections  for  these  forces and mcmer-ts were 
determined and have been asp l ied   to   these  datE. 

Corrections t o  tne  rol l ing  der ivat ives  for jet-bounhry  effects were 
not  applied i o  the data, since  these  corrections were found t o  be  negli- 
gible.   Corrections  for  st ing  tares have not  been applied t o   t h e  data; 
however, these  corrections  are  believed  to be snail. 

The f igires   present ing  the  resul ts  are as follows: 

Figure 

Rolling  Stability  Derivatives: 
w i n g  off . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Besic model, e f fec t  of t a i l  surfaces . . . . . . . . . . . . . .  7 
Basic model with tanks on . . . . . . . . . . . . . . . . . . .  8 
Effect of leading-edge f l&p  . . . . . . . . . . . . . . . . . .  9 
Characterist ics with ailerons  deflected . . . . . . . . . . . .  10 
Aileron  effectiveness ar_d r o l l i r g  pcwer . . . . . . . . . . . .  11 

'+ 
Variation of Lzteral   Characterist ics wi-th pb/2V: 

Wing off . . . . . . . . . . . . . . . . . . . . . . . . . . .  12,13 
Wing on, basic nodel . . . . . . . . . . . . . . . . . . .  14, 15, 16 
Bzsic model with tanks on . . . . . . . . . . . . . . . . . . .  17 
Basic  nodel with leading-edge  flaps deflected . . . . . . . . .  18 
Configurations  with  ailerons  deflected . . . . . . . . . . . . .  19 

The bzsic date of th i s   inves t iga t ion  were obtained as variations of 
C2, -Cn, axd Cy with rol l ing  angdar   veloci ty .   In  most cases  tnese 
variations were l i nea r  over a fairly large  range of wing-tip  helix  angle 
znd for  these  linear  conditions, the derivatives  presented  apply  far  the 
range of values of wing-tip  helFx  angle  investigated. Pronounced I 
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nonlinearit ies were present, however, Tor some configuretions at mgles  
of a t tack  otb-er than 0' a d ,  conseguently,  the  serivztives, which  were 
determined et low values  of pb/2V, m y  not be applicable zt higher rates 
of roll. Because severel  cases of  pronounced nonlinear  variations  with 
pb/2V were evident,  the  forces and moments which were used i n  deter- 
mining most of t h e  rol l ing  der ivat ives  are presented  (figs. 12 t o  19). 
Feirly  consister-t  nonlinearities  with pb/2V were i n  evidence  for Cy 
and Cn for   the  var ious  ta i l -off   configurat ions,  whereas corresponding 
ta i l -on  tes t  r e su l t s  were l inear  over a f a i r l y   l a r g e  rmge of pb/2V. 
Reasons for   these  differences  in   ta i l -off  end ta l l -on  tes t  results are 
not known ane  possible  explanetions of these  differences would be based 
primarily on conlect-we. It is  believed however, t h a t   t h e  aforementioned 
nonl inear i t ies  were probajly  ceused by effects  other  than aerodynamic. 

?. 

DISCUSSION 

Demping i n  Roll  

Demping-in-roll resul ts   for   both t3e wing-fuselege  configuration emd 
the  conplete model showed similar trends with increasing engle of a t t ack  
i n  t h e t  an i n i t i a l   i n c r e a s e   i n  damping at low engles was followed by a 
large  reduct  ion at moderetely high angles of a t tack   ( f ig .  7) . For t h e  
wing-fuselage  configurertion,  regions  of unstable damping (positive values 
of Czp) were incicated at M = 0.85 an& M = 0.90 i n  the higher angle- 
of-attack  range.  Addition of t h e  t a i l  surfeces  effected some reduction 
in   the  unstable  damping encountered a t  these Mach numbers; however, t h e  
damping i n   r o l l  of the complete nzodel was still neutrel  or' s l i gn t ly  
unsteble . 

Comparison of f igures  7 and 8 indicates that  aiiditior- of t he  wing- 
t i p  tanks  approxilnately doubIed t:?e danping i n   r o l l  of  the  basic model 
at low angles or" at tack.  Although signif icant   losses   in  damping occurred 
with  increasing angle of a t tack,   posi t ive damping was indicated  through- 
out  the test  angle-of-attack an& Macn nmber  range Tor t h e  complete model 
with  tanks on ( f ig .  6). With regard t o  the e f fec ts  of tanks and the  test 
data in  general  a t  the hig3est tes t  angle. of a t tzck,   an  overal l   evalwtion 
of damping r e su l t s  is d i f f i c u i t  because  of the  nonlinear  nature ol" t he  
rolling-moment var ia t ion with pb/2V (e  .g. f ig .  17). 

Effects of  deflecting the leading-edge  fleps on the coEplete model 
are shown i n   f i g u r e  9. Because there was essent fa l ly  no effect  on damping 
i n  roll at G = Oo, only  the  resul ts  et the highest test  angles of attack 
are presented  in   f igure 9. I n  generel, deflection of t h e  leading-edge 
?laps  increased  the h p i a g  and  delayel! the  abrupt loss i n  dmping  for  
the  basic moael t o  higher angles of attack.  Unsteble damping wzs 

P 
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encountered, however, with the leadi,ng-edge flaps  deflected at a Mach 
number of 0.90 and at approximately l 3 O  angle 02' atteck. 

YeXing  Moment and Lsterel  Force Due t o  Rolling 

A comparison of figures 6 and 7 indicakes  thet   the t a i l  c o n t r i b t i o n  
to Cnp and Cy f o r  the wip; on i s  appreciably  ciifferent  fron  thst   for 
t h e  wing-off configuretion and th i s  difference is i n  accord with the  siae- 
wash dEe to   ro l l   e f fec t   d i scussed   in   re fe rence  4 .  

P 

Effects of ;I?odifica%ions t o   t h e   b a s i c  model such as deflection of 
leading-edge f lags  snd addition of  wing-tip tadss were re la t ive ly  small 
with regard t o  l a t e ra l   fo rce  and y=wIng moment dm t o  rol l ing.  

Aileron  Characteristics 

Aileron  control  characterfstics  obtained from forced  s teady  rol l  
t e s t s  of the complete model &re swmarizeci i n  f l w e  11 for   three  angles  
of ettzck, and ef fec ts  of the t a i l  and wing-tip tan-ks are indicated. 
Values of dmping i n   r o l l  with  ailerons  deflected are repeeted  for con- 
venience in   i n t e rp re t ing  the r e s u l t s  of f igure 11. The ai leroc  effec-  

and roll ing  effectiveness (pb/2VIEq presected were 
m 

tiveness % - . obtaiced by assuming tha t   the   a i le ron   charac te r i s t ics  were l i nea r  between 
the  specif ic   def lect ions  tes ted (0' and 7.5O f o r  eech zi leron) .  

The  most significant  effects  indicated i_n_ figure 11 are  tnose  associ- 
a te& Titi? addition of the  wing-tip  tacks. A t  Oo angle  of  attack, En 
illcrease in   a i leron  effect iveness  C of zbout 50 percent was gained z b r n  A 

by addition of t he   t anks   t o  the conplete model; hovever, the value of 
pb/2V which could be attained  with a given  gileron  deflection  with tanks 
on was decreased  about 30 percent. T h i s  loss in   rol l ing  effect iveness  
with t h e  tanks on i s  of course due t o  the increased damsing i n  roll 
obtained  for  this  configmation. The aileron  effectiveness at all angle 
of a t teck  of approximately 6.7O with  tanks on was not appreciably dif- 
ferent  from t h a t   f o r  tb-e basic model, and the damping was generglly some- 
what Less - wnich r e su l t ed   i n  en increase  in  (pb/2V]~- with tanks on. 

Results a t  the  highest  angle ol" attack  are  presented for completeness; 
however, nonlinearit ies in the rolling-moment v&riatioE  with pb/2V and 
very l o w  damping in   rol l   considerebly  decrease  the  s ibif icance ol" these 
resu l t  s . 

.I 

A rather  unusual  effect i s  indicated i n  figure 11 with regard t o  
e f fec ts  of the  horizontal  t a i l  on aileron  effectiveness at the  highest  
test  angle of ettack. A t  low angles of attack, as would be ewected, 
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. 
addition of the  horizontsrl t z i l  had only a smll effect  on Czeq, whereas 

adiiition of the horizontal t a i l  increased C i g q  from 50 t o  100 percent . 
a t  t he  highest  engle. A possible  explanation of t h l s  increased  eileron 
effectiveness may be made by consideration of e f fec ts  of tke  vortex shed 
from the  inboard end of the  aileron on t h e  horizontal ta i l .  T3e vortex 
shed  from the inboard end of a downward-deflected aileron,  for  exanple, 
would indcce ar -upload incremect on the  horizontal   %ai l  whic:?  would add 
an irrcremenk  of rol l ing zaonent of the  same sense as that produced d i r ec t ly  
by deflection of the  aileron. T h i s  vortex  effect would be expected t o  be 
present  for  this  configuration  only  at   tke  nigher  angles 03 at tack where 
the  horizontal t a i l  moves  down in to   the   vor tex   f ie le .  It i s  perheps of 
in te res t  to note that the  reverse of this efzect has been  observed on 
other models having  inboard  ailerons, for w3ich ef fec ts  of vor t ic i ty  shed 
from the  outboard end of the  a i leron would be expected t o  predominate &nd 
induce  an  unfavorable rolling-moment contribution of the 3orizontal  ta i l .  

CONCLUDING REMARKS 

Tes t   resu l t s   per ta in ing   to   the   ro l l ing   s tab i l i ty   der iva t ives  for a 
complete model having a low-aspect-ratio wing  and t a i l  surfaces  in6icated 
regions of neutral  or unstable cimping i n  r o l l  a t  Mach nmbers of 0.85 
and 0.w i n  tine higher ar?@;le-of-attack  rmge  for  the  basic  nodel. Addi- 
t ion  of wing-tip  tanks  approximately  doubled  the  dmping i n   r o l l  a t  low 
angles of a t teck and, elthough large  decreases  in damping occwred  in  
going-to  high  angles of a t tack,   posi t ive damping vas  insicate6  over tine 
rmge  of test conditions  for  the  cmplete  nodel w i t h  tanks. A t  Oo angle 
of attack,  additioo of the wing-tip tanks increesed  the  aileron  effec- 
tiveness of the basic  nQdel; however, the rolling angular  velocity which 
could  be  obtahed  with a given  aileron  deflection was decreased  &bout 
30 percent by addition of the wing tanks. Deflection of leading-edge 
flaps in   general  eppeered t o  increase  the  angle of at tack at which large 
losses   in   dmping   in  r o l l  occurred. 

1 

Langley Aeromutical  Laboratory, 
lV&%ional Advisory Committee far  Aermautics,  

Langley Field, Va., Septenber 2, 1954. 
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Figure 1.- Stability system of axes used showing positive direct ions of 
forces, moments, angles, and velocities. 
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Figure 2.- General mrangemerrt of the complete model tes ted In the Langley 
high-speed 7- by 1.0-f oot  tunnel. 
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F i w r e  3.-  Photograghs of  the t es t  model zounted on the forced-roll sting 
su9port In the Laqgiey high-speed 7- by 10 - _" 8 oot  t u e  I. 
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Figure 3 . -  Concluded. 
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Figure 4. - General arrangement of forced-roll support nystem. 

I 



c 

R 

.- 

0 

2.02 

2.04 

2.06 

.5 .6 .7 .8 1.0 

Figure 5.- Veria-tion of m a i m a n  test  pb/2V and mean test Reynolds number 
v i t h  Msch number. 
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Figure 6 . -  Variation of rolling stabil i ty  derivatives with angle of attack 
f o r  the model without the wing, showing effects of the horizontal tail. 
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Figure 7.- Varietion of rolling  stability derivatives w i t h  angle of attack 
for the basic model showing the effects of the tail surfaces. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Concluded. 
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Figure 8.- V a r i a t i o n  of rolling st.zbility derivatives w i t h  angle of attack 
for the model w i t h  w i n g - t i p  ta-s on. 
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Figwe 8. - Cont h u e d  . 
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Figure 8.- Continued. 
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Figure 8.- Concluded. 
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Figure 9. - Effect OP leading-edge f l a p  deflection on rolling s t ab i l i t y  
derivatives of the model at the higher test angles of attack. 
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Figure 10.- Variation of rolling stability derivatives with Mach number 

for the model with ailerons kflected.  = 15'. 
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Figure ll.- Variation with Mach number of aileron  effectiveness and 
rolling  effectiveness  obtained from t e s t s  0% the model with  ailerons 
def lectcd . 
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Figure 12.- Variation of labera1 characLeri6tics of the model with wing-tip 
helix angle. Configuration FV. 
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Figurc 13.- Variation of lateral  characteristics of the model with  wing- 
tip helix angle. Configuration FVR. 
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Figure 14.- Variation of lateral  characteristics of the model with wing- 
t i p  helix angle. Configuration W. 
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Figure 111.. - Concluded. 
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Figure 15.- Variation of lateral characteristics of the model with w i n g -  
tip helix angle. Configuration WFV. 
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Figure 16.- Variation of kberal characteristics of the model with wing- 
tip helix angle. Configuration WFVII. 
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Rgure 16. - Concluded. 
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Figure 17.- Variation  with  wing-tip helix angle of lateral characteristics 
of the model with tanks  on. 
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Figure 17. - Continued. 
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Figure 17.- Concluded. 
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Figure 18.- Variation with wing-’tip helix  angle or la teral   character is t ics  
of the model with leading-edge flaps  deflected.  Configuration WFVH. 
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Figure 19.- Variation  with  wing-tip helix angle of lateral  characteristics 

of the model  with ailerons deflected. EaT = 15'. 
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Figure 19. - Continued. 
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F i  gum 19. - Concluded. 
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